The building materials and construction techniques in Greek architecture have been extensively researched by both architects and archaeologists since the end of the 19 th century. 1) It is well known that ancient Greek architecture was constructed of masonry stones and roofed by wooden structures. The columns and walls were made of stones which were jointed directly one by one and connected with dowels and clamps.
Introduction
The building materials and construction techniques in Greek architecture have been extensively researched by both architects and archaeologists since the end of the 19 th century. 1) It is well known that ancient Greek architecture was constructed of masonry stones and roofed by wooden structures. The columns and walls were made of stones which were jointed directly one by one and connected with dowels and clamps.
2) The structure of Greek buildings was strengthened by their weight, but it was not effective against horizontal stresses like earthquakes. Transporting stones from faraway places was not favored because it was costly, so local stones such as poros, limestone and marble were usually employed.
It was considered that these Classical building techniques began to decline soon after the 5 th century B.C.: Dinsmoor mentioned that the Hellenistic architecture was 'beginning of the decadence' of the Classical architecture.
3) Indeed, the fever of the handmade craftsmanship of the stone carving technique might have been declined soon after the Classical period. According to the recent research; however, it has been found out that the Classical building techniques were sustained until the Hellenistic period. 4) For instance, the refinement technique of crepidomas, which is well-known in the Classical temples like the Parthenon, can also be observed in the early Hellenistic temples. 5) Moreover, new knowledge from the Stoas of the Asklepieion ����������������������������������������������������� nd century B.C., 6) informs us that the Hellenistic craftsmen did not only keep the traditional techniques dating back to the 4 th and the 3 rd century B.C. but also renovated techniques based on the requirements of individual construction projects. The sanctuary was built on a huge platform, which is measured ca. 72 m at the east and west Stoas and ca. 66 m at north and south Stoas inside of the courtyard. The Doric peripteral Temple of Asklepios is in a square court enclosed by four Corinthian stoas (Figs. 1-2).
7)
�������������������������������������������������� discussed as follows, shows the high-leveled building techniques that date back to the end of the Classical period. In this present paper, thus, the building techniques of the Stoas of the Asklepieion will be analyzed in order to understand the Hellenistic building techniques of this region.
Building material
The main structures of the Stoas are made of local limestone and poros as is normal in Hellenistic architecture. The quarries of both kinds of stone have �������������������������������������������������������������������������������������������������������������������������������������������� 8) The poros come from the quarry near the modern village of Kalogerorrachi.
9) The combination of two different kinds of stones was not unusual in the Hellenistic period of Messene: In the case of the Hellenistic Fountain of Arsinoe located in the northwest of the Agora, the crepidoma of the Ionic colonnade is made of limestone, but the columns and the upper structure are made of poros instead. ��� ������������������������������������������������������������������������ of stucco were observed on the architrave-frieze block ( Fig. 3 ) and on necking of the Corinthian capital (Fig. 4) . These stucco remains measure a few ������������������������������������������������������������������������������������������������������������������������������������������������������� �������������������������������������������������������������������������������������������������������������������������������������������������������� were isodomic: The stucco was paneled, that is, characterized by raised panels which stand a few mm higher than surrounding margin. This technique is already seen on the wall of the Hellenistic house at Priene and of the Hellenistic house at Delos in the 3 rd century B.C. (Fig. 5 ).
11) The wall of the Prytaneion
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The present paper aims to analyze the building technique of the Stoas of the Asklepieion at Messene, which were built in the beginning of the 2 nd ���������������������������������������������������������������������������������������������������������������������������� ���������������������������������������������������������������������������������������������������������������������������� endeavors of technical renovation were taken place by the Hellenistic craftsmen, following the tradition of the building techniques of
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3) Indeed, the fever of the handmade craftsmanship of the stone carving technique might have been declined soon after the Classical period. According to the recent research; however, it has been found out that the Classical building techniques were sustained until the Hellenistic period. 4) For instance, the refinement technique of crepidomas, which is well-known in the Classical temples like the Parthenon, can also be observed in the early Hellenistic temples. �������������������������������������������������� discussed as follows, shows the high-leveled building techniques that date back to the end of the Classical period. In this present paper, thus, the building techniques of the Stoas of the Asklepieion will be analyzed in order to understand the Hellenistic building techniques of this region.
Building material
9) The combination of two different kinds of stones was not unusual in the Hellenistic period of Messene: In the case of the Hellenistic Fountain of Arsinoe located in the northwest of the Agora, the crepidoma of the Ionic colonnade is made of limestone, but the columns and the upper structure are made of poros instead. ��� ������������������������������������������������������������������������ of stucco were observed on the architrave-frieze block ( Fig. 3 ) and on necking of the Corinthian capital (Fig. 4) . These stucco remains measure a few ������������������������������������������������������������������������������������������������������������������������������������������������������� �������������������������������������������������������������������������������������������������������������������������������������������������������� were isodomic: The stucco was paneled, that is, characterized by raised panels which stand a few mm higher than surrounding margin. This technique is already seen on the wall of the Hellenistic house at Priene and of the Hellenistic house at Delos in the 3 rd century B.C. (Fig. 5) There are 5-8 cm square empolion holes on the top and bottom of the column drum, probably jointed by wooden dowels. Additionally, an unusual joint technique can be observed on the column drum ( Fig. 9 ): There are four small liner holes measuring 3 cm in width and 7 cm in length at four equidistant places around the edge of column drum. It is strange that there are no hook holes for these liner holes; so they cannot be Pi-shaped clamps. These liner ������������������������������������������������������������������������������������������������������������������������������������������������������� jointing, as it is not effective against horizontal force. Nevertheless, we cannot say that the ancient engineer was not aiming to strengthen the column with this kind of empolion. The same technique can be seen on the Hellenistic buildings of the Asklepieion; on the column or pilaster of the Artemision, 24) of the North Propylon and of the Fountain. As far as the author knows, this kind of technique is unknown until now. Acropolis (Fig. 11) .
25) The L-shape clamp of the Erechtheion joins the outwards-facing orthostate block to the backer, which has about half the height of the outer block. The difference between these two L-shape clamps is the hook. The L-shape clamp of the Erechtheion has T-shaped hooks on the both ends like a double T-shape clamp, so this clamp seems to be a variation of a double T-shaped clamp.
26) The L-shape clamp of Messene, in contrast, has no hooks on the edges. Thus, it could be said that the L-shape clamp of Messene is a variation of a Pi-shaped clamp or simple linear clamp.
3-2) Building of the crepidoma
Bar holes remain in good condition on the lower step of the East Stoa. It was determined that the stylobate blocks were set in order from north to south from the positioning of two dowel holes and a bar hole (Fig. 6 ). The reconstructed building process of the lower step's blocks can be summarized as follows:
First of all, dowel holes were prepared on top of the lower step's blocks. At that time, the relationship between the dowel holes of the bottom of the stylobate ����������������������������������������������������������������������������������������������������������������������������������������������������������� Then another iron dowel was placed in another hole and the lower step's block pushed by bar from the same side of the second dowel. The bar holes were usually prepared before the placement of the lower step's block, or they might have been chiseled just before using the bar. Next, molten lead was poured ������������������������������������������������������������������������������������������������������������������������������������������������������������ ������������������������������������������������������������������������������������������������������������������������������������������������������������� second dowel, which has no grooved lead guide, and the bar hole was always placed on the same side of the next block. It was further determined that the ������������������������������������������������������������������������������������������������������������������������������������������������������������ and at the dowel hole at the south edge seam of the block.
����������������������������������������������������������������������������������������������������������������������������������������������������������� dowel holes with lead guide grooves and the seams on the stylobate blocks, we can estimate the order of their placement. That is, as at the East Stoa, the stylobate blocks were placed in order to cover the seams of the lower step's blocks, in the direction from the dowel holes with lead guide grooves towards the dowel holes in the stylobate block seams (Fig. 12) . Thus, the placement order of the stylobate blocks would have been from north to south in the East Stoa, from east to west in the North Stoa, and from north to south in the West Stoa (Fig. 1) . However, the order seems to be somewhat different at the South Stoa. Based on the above, we must assume that the stylobate blocks to the east of the stylobate block under the 11 th column from the east (S11) were placed to the east, and those from the stylobate block under the 13 th column from the east (S13) were placed to the west. However, no dowel holes with lead guide �������������������������������������������������������������������� th column from the east (S12), on which a stylobate block was laid. On all the visible lower step's blocks, the stylobate blocks that support columns were connected to the lower step by two dowels, and the 12 th column from the east (S12) was ������������������������������������������������������������������������������������������������������������������������������������������������������������ the west of S12 was joined to the crepidoma by a dowel. There is also a bar hole to the immediate west of the dowel hole, so this stylobate block must have ������������������������������������������������������������������������������������������������������������������������������������������������������������ th column from the east (S12), and then the rest of the stylobate would have been set towards both the east and west.
27)
Stylobate blocks of stoas are generally cut carefully in lengths relating to the intercolumniation (Fig. 13) . 28) Usually, stylobate blocks are cut to half the length of the intercolumniation and columns are placed in the middle of the blocks, a style commonly found in temple stylobates. Nevertheless, sometimes columns are placed on the joints of the stylobate, probably because the stoas do not need to be constructed with as much consideration of the weight of the upper structure as do temples (Fig. 14) . 29) In the case of Messene, the columns were placed in the middle of the stylobate block, as normal. The stylobate blocks of the Messenian Stoas were created with the same care that can be seen in the stylobate of the Temple of Asklepios of the same sanctuary. The relative levels of the inner colonnade stylobate and the back wall toichobate were measured as shown in Table 1 and Fig. 17 . The horizontal levels of the back wall toichobates were measured as an extension of the line connecting the inner and outer columns, indicated in Table 1 by the outer column number. That is, the height indicated by a certain column number refers to the height of the horizontal section from the courtyard ��������������������������������������������������������������������������������������������� back walls of the toichobate and the stylobate inner colonnade both show a gentle slope, which is roughly similar to the gradient of the crepidoma. That is, like the crepidoma, both the toichobate back wall and stylobate inner colonnade are inclined along a water gradient.
As described above, the foundation of the outer column, inner column, and the back wall have the same horizontal level as the floor level. Therefore, the respective differences in horizontal height between the stylobates of the inner and outer colonnades, the outer colonnade stylobate and the back wall euthynteria, and the inner colonnade stylobate and the back wall euthynteria were calculated respectively as shown in Table 1 . Results show that the horizontal height of the inner column stylobate is almost always higher than the outer column stylobate, and that of the back wall euthynteria is almost always higher than the inner column stylobate. This trend shows up clearly especially at the East Stoa. Since the foundation of the East Stoa is assumed to lie directly on the bedrock, so that horizontal variations in height are unlikely to be due to subsidence. Therefore, the above results are believed to show that the floors incline from the back wall towards the courtyard.
Additionally, the difference in height between the inner and outer colonnade stylobates was calculated as the average difference between heights at each point measured, and ��������������������������������������������������������������������������������������� stylobate and the back wall euthynteria was calculated as the average difference in heights ����������������������������������������
3-5) Double spaced inner column
The Stoas of Messene are of the so-called double stoa type, which has a two-aisled colonnade (Fig. 1) . The inner colonnade has a double spaced inner column, which is arranged so that an inner column comes behind every second outer one. The earliest 
3-6) Other minor techniques
There is a raised panel on the top of the Corinthian capital and on the upper face of the both edges of the backer (Fig. 18) . As far as the author knows, no scholar has commented on this. There is no doubt that the raised Lewis holes can be seen on the top of the blocks from the upper structure: the architrave-frieze, the backer and the capital (Fig. 18 ). Several kinds of lifting devices are known in Greek architecture. In case of Messene, lifting by iron lewis was adapted probably because of fragility of the decorated upper parts made of poros. The wedge-shaped hole tapering at both ends is the typical shape of the Hellenistic lewis hole.
46)
The technique of cutting the architrave and frieze from a single block is one method used to strengthen the entablature, which is extended because the purpose of the stoa is to allow people to pass through between the columns. According to Coulton, this technique was devised in the 4 th century, perhaps in Corinth.
47) It was common to cut the architrave and frieze from one block in the late Hellenistic period, and this indicates that the architrave-frieze and backer of the Messenian Stoas belong to the tradition of Hellenistic architecture.
It was necessary to use buttresses to support the rear wall of the South Stoa, as there were no rooms behind this Stoa (Fig. 19) . Buttressing was not ������������������������������������������������������������������������������������������������������������������������������������������������������ style). 48) Nevertheless, buttressing is sometimes used at the rear walls of Hellenistic buildings, such as at the bath at Oropos, the Terrace of Treasury ������������������������������������������������������������� 49) Therefore, the buttress technique of the Messenian Stoa belongs to the Hellenistic architectural tradition.
3-7) Repairs
It is known that the buildings of the Asklepieion at Messene had been repaired in ancient times. An inscription discovered at the Asklepieion informs us that the Stoas were restored or repaired in the early Imperial period. ��� ��������������������������������������������������������������������������������� and its texts relate to the restoration work between 15 B.C. and 14 A.D. during the time of Augustus. 51) Repaired parts of the geison block, which reused an architrave-frieze block from the same Stoa, are probably related to this Roman restoration. some geisons were found to be reused from architrave-frieze ��������������������������������������������������������������������������������������������������������������������������������������������������������� �������������������������������������������������������������������������������������������������������������������������������������������������������������� �������������������������������������������������������������������������������������������������������������������������������������������������������������� geisons seem to have made from reused architrave-frieze blocks from the same stoa. This reparation was probably of damage caused by an earthquake, because reparations after earthquakes reusing the previous material were very frequent in ancient Greece. The column of the Temple of Zeus at Olympia was rebuilt by using the same parts from the old temple before the earthquake.
52) The peristylar building of the Agora at Athens was taken down when the Stoa of Attalos was built on the site and its foundation and column were reused for the South Stoa II of the same Agora.
53) The outer colonnade of the Echo Stoa at Olympia was rebuilt using columns from another building. 54) Therefore, it is probable that the Messenian Stoas were damaged in a heavy earthquake at around the time of Augustus and were repaired mostly by using the same blocks from the Stoas.
��������������
The Stoas of the Asklepieion, which was constructed on an artificial platform, were carefully prepared before the construction. The platform is supported by the buttress, which began to be used in the Hellenistic period. On the other hand, the high accuracy of the well-created crepidoma of the Stoa was not common to the Classical and Hellenistic stoa. The building technique of the crepidoma using Pi-shaped clamps and iron dowels is similar in character to the technique used at the Temple of Asklepios and other surrounding buildings of the sanctuary. The high accuracy of the construction ������������������������������������������������������������������������������������������������������������������������������������������������������ Hellenistic king. 55) Nevertheless, the building project of the Stoas was planned carefully so as not to waste time or cost: the back side of the crepidoma, ���������������������������������������������������������������������������������������������������������������������������������������������������������� because it was easy to carry from the quarry and to dress the ornamentation. This fact means that the fever of the craftsmanship to cut the stone began to decline; on the other hand, the architect probably intended to develop more rational building process. Indeed, it was common to use both poros and limestone at the same time for contemporary Hellenistic buildings. The more unique techniques like the empolions of the column drum might be ��������������������������������������������������������������������������������������������������������������������������������������������������������� 56)
In conclusion, the craftsmen of Messenian Stoas tried to renovate their minor techniques to the practical requirements of the building project, under the ������������������������������������������������������������������ th and the 3 rd century B.C. 
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